SUMMARY Cultures of Escherichia coli of urinary origin were examined after storage for 12 to 15 years by a combination of the techniques of biotyping, resistotyping, haemagglutinin typing, and colicin typing (multiple typing) which allowed strain identification to be made even when variation in one or more typing characters had occurred in vivo. Biotyping and resistotyping used in conjunction were sufficient to allow identification of as many as 106 of 110 pairs of E. coli examined. In the four pairs of isolates for which it was necessary to extend strain identification profiles to include data from other typing methods, probable strain identification was achieved for all but one pair. The multiple typing approach seems useful for retrospective analysis of stored cultures of E. coli.
In patients with recurrent urinary tract infection, it is important to differentiate between relapse, as a result of failure to eradicate the original causative organism, and reinfection by a strain different from that previously implicated. For Escherichia coli, the commonest urinary pathogen, serotyping has been the principal means of strain differentiation, but few laboratories have the resources to prepare the many antisera required for either complete (0, H, and K) or One of us had available a collection of cultures of E. coli of urinary origin, many of which had not been serotypable when originally examined5 and all of which had been stored on non-selective medium for 12 to 15 years. We assess the efficiency of discrimination of these strains achieved by the use of multiple typing and consider its usefulness for retrospective analysis.
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PATIENTS AND STRAINS
The 247 isolates of E. coli were obtained from 114 patients-35 children under 12 years of age and 79 adults ( We examined strains for their ability to form (i) mannose-sensitive (MS) haemagglutinin (HA), and (ii) mannose-resistant and eluting (MRE) HA by cultural methods and tests previously described.7 The latter MRE HA were characterised by their agglutination of some, or all, of the erythrocyte species: fowl (F), guinea-pig (G), horse (H), man group 0 (M), ox (0), pig (P), and sheep (S). The HA type of a strain that produced, for example, MS HA and an MRE HA reacting with erythrocytes of man, pig, and sheep was MS+MRE+ (type MPS).
Cultures were examined for colicin production by an agar overlay method,8 and colicins were identified with the use of standard indicator strains.9 Sensitivity to known colicins was also assessed.
Results

GENERAL COMMENTS
Some interesting points emerged from examination of the multiple typing results for serologically untypable strains of E. coli from patients 1 to 4 (Table 1) : (i) although the first isolate of the four from patient 1 showed partial resistance to acriflavine (e), it was otherwise identical with the other three cultures, and the four were considered to be isolates of the same clone; (ii) the combined techniques identified the presence of five distinct strains in a series of six isolated from patient 2 over a one-year period, the first and last being the only members that were, respectively, MRE+ and MS-; (iii) the reproducibility of the systems allowed the detection of relapse of infection with the original strain in patient 3 over a period of 227 days and reinfection in the intervening period (days 10-14) with a second strain clearly different by all three methods; (iv) although minor variations in the resistotypes of clonal isolates have been noted34 we observed for the first time, in patient 4 over a 10-month period, the loss of one major resistotype character (F) and the acquisition of another (G) in 10 isolates which, nevertheless, with their stable biotype and uncommon haemagglutinin type were probably clonal.
TYPING OF THE PAIRED ISOLATES
Serotyping of the 110 pairs of urinary isolates of E. coli showed that 36 pairs were similar and three pairs dissimilar (Table 2) ; 71 pairs were non-serotypable because either the cultures were rough or belonged to 0 groups not agglutinated by any serum in our collection. By contrast, we assigned a biotype profile to each of 220 cultures, and in 75 of the 110 pairs, both cultures ofthe pair were ofidentical biotype( (Table 3) . Similarly, cultures of identical biotype from patient 7 were readily differentiated by resistotyping and haemagglutinin typing, whereas those of identical resistotype from patient 8 were different in biotype and haemagglutinin type (Table 3) .
The only four pairs of cultures for which biotyping and resistotyping results were conflicting and, hence, classed as 'of uncertain status' in Table 2 were those from patients 9 to 12 (Table 3 ). The pair from patient 9 showed three minor differences in resistotype characters that would ordinarily have indicated strain non-identity.' However, apart from one culture having become multiauxotrophic (and which might have influenced the resistotype pattern by its slower growth), the members of that pair were of similar biotype and had the same uncommon haemagglutinin type (Table 3) . Similarly, the isolates from patient 10 differed in one major and two minor resistotype characters. However, their biotype profiles, their haemagglutinin types, and their sensitivity to colicins (E2 and K only) were identical (Table 3) . On the other hand, the cultures from patient 11 differed in lysine decarboxylase (and lactose) reactions but showed acceptable strain identity, as judged by resistotype, haemagglutinin type, colicin production (col El), and colicin sensitivity. The pairs of cultures from patients 9, 10, and 11 were probably in each case isolates of a single strain that had undergone variation of typing character(s) in vivo. The cultures from patient 12 were non-colicinogenic and sensitive to the same colicins (A, B, D, and E2) but showed difference in two biotyping characters, three minor resistotype characters, and haemagglutinin type (Table 3) so that even extended typing did not resolve the question of their status.
Discussion
The techniques of biotyping, resistotyping, and haemagglutinin typing had already proved useful for the discrimination of fresh isolates of E. coli from urine and diverse other sites.34 We wished to investigate their usefulness for the retrospective analysis of strains stored on non-selective medium for many years.
A biotype profile (10 characters) and a resistotype profile (8 characters) were assigned to every culture of the 110 pairs from 110 patients, and, accordingly, the overall typing patterns left little doubt about the relationship between cultures within each pair. The use of only biotyping and resistotyping was sufficient to identify 106 (96%) of the pairs as similar or dissimilar.
There was no correlation between ease or difficulty of identification of isolates and the time interval between their first and last isolations. Thus, for example, five isolates obtained over 227 days from patient 3 were completely stable in all typing characters and were clearly clonal, whereas two cultures from patient 12 isolated 12 days apart proved difficult to define.
Although we examined all cultures in this study by all typing methods it was not generally necessary to use data other than those from biotyping and resistotyping to reach conclusions about strain identity. In those instances (< 5 %) in which we had to extend the typing profiles, we generally favoured haemagglutinin typing but have also used colicin typing, as in this study, and at other times antibiogram testing and limited 0 serogrouping.34 In the pair of cultures from patient 12, we used all six typing methods but were nevertheless uncertain about their identity. Both cultures were autoagglutinable, antibiotic-sensitive, non-colicinogenic, and sensitive to the same colicins (A, B, D, and E2) and might have been considered members of the same clone but for the following: of the two observed biotype differences, mutation to auxotrophy is not uncommon, but differences in the ornithine decarboxylase reaction have not previously been encountered by us;2-4 three minor resistotype differences have been noted in isolates otherwise identical (see, for example, patient 9) but resistotype differences are usually recorded in cultures isolated over long time intervals;3 4 loss of MRE characters has previously been observed.34 Thus, if these isolates are clonal in origin, it is unusual that so many variations should have occurred in such a short period. We feel, nevertheless, that the difficulty experienced in this study with a single pair of cultures, the identity of which remains unclear, strengthens rather than weakens our arguments in favour of multiple typing. If it is difficult in such cases to reach a decision about the identity of isolates so extensively studied, how much less satisfactory must be any conclusions drawn from the results of a single typing method.
We have demonstrated in previous publications2-4 
